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A B S T R A C T   

Objective: The primary objective of the study was to investigate the correlation between high-sensitivity troponin 
I (hsTropI) levels during hospitalization and the prognostic outcome in patients with non-acute coronary syn-
drome (non-ACS) acute heart failure, over a follow-up period of one year. The secondary objective was to assess 
and characterize acute heart failure during index hospitalization. 
Methods: High sensitivity troponin I value was noted both at the time of admission and discharge. The correlation 
of admission hsTropI along with other parameters and risk factors with in-hospital mortality was studied. Pa-
tients of index hospitalization after discharge were followed up for one year and the composite endpoint of 
cardiovascular death or re-hospitalization for heart failure was noted. The correlation between admission and 
discharge hsTropI values with the composite endpoint was then analyzed. 
Results: Out of 350 patients, 38 (10.8 %) patients died during index hospitalization while 142 patients (46 %) 
developed composite outcomes during follow-up. Age, previous history of heart failure, atrial fibrillation, low left 
ventricular ejection fraction, systolic blood pressure, and high values of hsTropI above 99th percentiles were 
independent in-hospital mortality predictors. The value of hsTropI at the time of admission was not associated 
with poor composite outcome during follow-up. However, patients who showed an increasing trend of hsTropI 
value at the time of discharge were found to have a significant increase in the composite outcome. 
Conclusion: High-sensitivity troponin I is a valuable biomarker that can predict in-hospital mortality and long- 
term follow-up outcomes in patients with acute heart failure. It plays a crucial role in developing improved 
strategies for heart failure surveillance and management in the community.   

1. Introduction 

Heart failure (HF) is defined as the pathophysiological state in which 
an abnormality of cardiac function is responsible for the failure of the 
heart to pump blood to meet the requirements of the metabolizing tis-
sues.1 The incidence of acute heart failure (AHF) requiring hospital 
admission is increasing constantly. Studies are now focusing on AHF due 
to its association with frequent hospitalization and increased healthcare 
expenses. The most notable among them are the ADHERE2 and OPTI-
MIZE-HF3 studies. However, only a few studies have investigated the 
causes, triggering factors, and prognostic significance of cardiac bio-
markers such as high-sensitivity cardiac troponin I (hsTropI) in Indian 
patients outside the context of acute coronary syndrome (non-ACS) 

situations. 
Cardiac troponins are structural proteins in the contractile apparatus 

of the myocyte that are released in blood circulation upon myocardial 
damage like infarction. Earlier assays that were used for measuring 
troponin levels were considered as a dichotomous test, but the advent of 
hsTropI assays in recent years which can detect cardiac troponin levels a 
hundred times lower than those detected by traditional methods has 
changed this paradigm. Hence hsTropI assay is now considered as a 
quantitative measure of cardiac myocyte injury not only in the setting of 
myocardial infarction but also in other conditions of myocardial stress 
such as heart failure.4 However, there is a lack of information regarding 
the importance of hsTropI in acute heart failure situations that are 
non-ACS, and there is little data on its dynamic values measured both at 
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the time of admission and discharge. Hence, this study focused on 
investigating the predictive effect of high-sensitivity troponin I level by 
determining the likelihood of cardiovascular mortality and 
re-hospitalization for HF during one year of follow-up in patients who 
were admitted with non-ACS acute heart failure. In addition, the study 
also assessed and characterized acute heart failure during the index 
hospitalization. 

2. Materials and methods 

This was a single-center prospective observational study with one 
year of follow-up conducted in the department of cardiology of a gov-
ernment tertiary care center. 

2.1. Inclusion criteria  

a) Patients with clinical presentation of acute heart failure according to 
the modified Framingham Heart Failure Criteria5 and European So-
ciety of Cardiology guidelines for the diagnosis and treatment of AHF 
(2021).6  

b) The age of the patient should be more than 18 years and willing to 
give consent. 

2.2. Exclusion criteria  

a) Acute stroke  
b) End-stage CKD (eGFR<15 ml/min/1.73m2) or patients on 

hemodialysis  
c) Acute coronary syndrome (on a clinical and ECG basis)  
d) Active malignancy & ongoing chemotherapy  
e) Acute liver injury and sepsis  
f) Patients lost to follow-up or their outcome could not be determined 

due to lack of data.  
g) Patients who underwent cardiac surgeries or procedures (Ablation, 

cardioversion, percutaneous intervention) during the index 
hospitalization. 

2.3. Definitions 

2.3.1. Composite endpoints 
The composite endpoints of the study were cardiovascular death and 

rehospitalization for heart failure during one-year follow-up. Death 
during follow-up was classified as cardiovascular (CV) or non-CV based 
on the primary cause of death. The primary cause was defined as the 
underlying disease or injury that initiated the train of events resulting in 
death. CV deaths include deaths that result from an acute myocardial 
infarction, sudden cardiac death, death due to heart failure (HF), death 
due to stroke, death due to CV procedures, death due to CV hemorrhage, 
and death due to other CV causes.7 Re-hospitalization for HF was 
considered when a patient was required to have an unscheduled hospital 
admission for a primary diagnosis of HF with a length of stay that either 
exceeds 24 h or crosses a calendar day. In addition to HF signs and 
symptoms, the patient should also receive treatment specifically 
directed at HF, including at least one of the following: 1) significant 
augmentation in oral diuretic therapy; 2) initiation of intravenous 
diuretic (even a single dose) or vasoactive agent (vasodilator, vaso-
pressor, or inotropic therapy); or 3) mechanical circulatory support or 
fluid removal.7 

2.3.2. Acute coronary syndrome 
Diagnosis of ACS was mainly based on clinical presentation along 

with various supportive findings. First, the symptoms of patients 
admitted with AHF were screened for the presence of typical or atypical 
chest pain. Second ECG findings of significant ST-T changes (depression, 
elevation, or new onset dynamic changes) and echocardiographic find-
ings of regional wall motion abnormality were noted for any significant 

variations suggesting ACS. Third, the International Classification of 
Diseases, 10th Revision, Clinical Modification (ICD-10-CM) principal or 
secondary diagnosis codes on discharge tickets or death certificates at 
the time of index hospitalization were noted.8 ACS-related codes such as 
unstable angina (I20.0), acute myocardial infarction (AMI) (I21. x), 
subsequent ST myocardial infarction (I22. x), and certain current com-
plications following myocardial infarction (I23. x) and other acute 
ischemic heart diseases (I24. x) were excluded. 

2.4. Data acquisition 

The study was prior approved by the institutional ethical committee. 
Written consent was obtained from each patient. Data were collected 
using a pretested proforma meeting the objectives of the study. Hema-
tological and biochemical tests along with hsTropI and other relevant 
investigations including echocardiography were performed. The values 
of hsTropI were measured twice during index hospitalization, one at the 
time of admission and another on the day of discharge. This was per-
formed in a National Accreditation Board for Hospitals & Healthcare 
Providers (NABH) accredited lab and the same lab was used throughout 
the study. The lab was located on-site and was running in the Public- 
Private Partnership (PPP) model. The test was performed using an 
ELFA (enzyme-linked fluorescent assay) measurement procedure in a 
Vidas 3 analyzer (BioMérieux, 4th generation).9 Vidas troponin I is a 
quantitative test using a one-step immuno-enzymatic sandwich method 
and has very good analytical performance and precision and it is per the 
international standardized protocols. The 99th percentile of a presum-
ably healthy population is defined at 19 ng/L. The coefficient of varia-
tion (CV, total imprecision at the 99th percentile) is equal to 7 % 
(recommended <10 %).9 This technology is FDA-approved and mea-
sures minimal changes between serial troponin I values. 

2.5. Follow-up 

Specialized medical and nursing personnel took care of the patients 
during their stay in the hospital and the same protocols of treatment 
were usually applied. Patients were followed every two months for one 
year for outcomes in terms of mortality and rehospitalization. Follow-up 
was done both via direct visit of the patient and telephonic interview. 
Regular telephonic interviews were conducted with patients and their 
relatives regarding the patient’s functional status and drug compliance. 
In case it was informed that the primary outcome (death or rehospital-
ization) has happened outside at some other hospital, a review of doc-
uments was done either on the next visit or in some cases, via digital 
(messaging applications, e-mail). 

2.6. Statistical analysis 

Pair-wise comparison between various variables was done for 
different parameters using chi-square and student’s t-test. The Range, 
Mean value, Standard Deviation (S.D.), Standard error of Mean, ‘t’ 
value, and ‘p’ values were calculated as per the applicability by using 
appropriate formulas. p-value <0.05 was regarded as statistically sig-
nificant. Statistical Package of Social Sciences (SPSS) v. 27 was used for 
data entry and data analysis. 

3. Results 

Various demographic, clinical, and laboratory characteristics of the 
study population have been shown in [Table 1]. 

3.1. In - hospital outcome 

In this study, 38 (10.9 %) patients died in the index hospitalization 
while 312 (89.1 %) patients were discharged and were followed up for 
subsequent readmission and cardiac mortality [Fig. 1]. There was an 
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increased in-hospital mortality noted during index hospitalization in the 
patients who had elevated hsTropI levels of >99th percentile during 
admission (p = 0.04) [Fig. 2]. Also, the mean value of hsTropI in the 
mortality group of patients was 102.70 ng/L (SD of 86.62, total number 
38) as compared to 54.09 ng/L (SD of 49.80, total number 312) in the 
surviving patient group with a p-value of 0.001 which was statistically 
significant. 

3.2. Follow–up outcome 

A total of 142 patients (46 %) developed composite endpoints of 
cardiac mortality (19 %) or rehospitalization (27 %) [Fig. 1]. The cor-
relation between various demographic and clinical data with outcomes 
is shown in [Table 2]. Age, coronary artery disease (CAD), Hyperten-
sion, previous heart failure, atrial fibrillation, low systolic blood pres-
sure (SBP), reduced left ventricular ejection fraction (LVEF), and 
prolonged duration of hospital stay were found to have a strong corre-
lation with poor outcome. Patients of heart failure with preserved 
ejection fraction (HFpEF) (LVEF >50 %) were categorized into two 
groups based upon hsTropI levels at the time of admission (cut off based 
upon 99th percentile). 35 out of 58 (60.3 %) patients with elevated 

hsTropI values developed composite outcomes as compared to only 4 
out of 17 (23.5 %) with normal hsTropI values. On comparison, the chi- 
square statistic was 7.138 with a p-value of 0.007 which was statistically 
very significant. 

Correlation between elevated levels of hsTropI (cut off based upon 
99th percentile) during admission and at the time of discharge with 
various outcomes is shown in [Table 3]. Only elevated levels of hsTropI 
during discharge were significant for determining outcome. Similarly, 
on comparing the mean values, it was found that the value of hsTropI 
during admission does not significantly correlate with the future 
outcome (p = 0.0549). On the other hand, repeat hsTropI value per-
formed at the time of discharge, had a statistically significant difference 
(p = 0.0002) in predicting poor composite outcome [Table 4]. High 
sensitivity troponin I levels were categorized into three categories based 
on the relative change in values as compared to admission levels. Those 
categories were – an increasing group with a change of value of more 
than +10 %, a static group with a change of value between − 10 and +10 
%, and a decreasing group with a change of value of more than − 10 %. 
Most of the patients showing an increased trend in hsTropI value were 
found to develop various endpoints in a one-year follow-up [Table 3]. 
The trend as mentioned above of hsTropI was also documented for pa-
tients of HFpEF. Similar to other clinical subsets, an increasing trend of 
hsTropI values during the due course of hospitalization in patients of 
HFpEF was found to be a statistically significant predictor of poor out-
comes. (The chi-square statistic was 11.105 with a p-value of 0.004) 

4. Discussion 

4.1. In-hospital mortality during the index hospitalization 

Old age was a significant factor in predicting poor outcomes in pa-
tients with heart failure during index hospitalization. A similar finding 
was seen in one of the recently published works by Venkatesh Munus-
amy et al.10 This strong association is not only because of aging alone 
but also due to the prolonged period of existence of untreated risk fac-
tors. There was no statistically significant difference in the outcome in 
male and female subgroups. Although a recent large rural 
population-based study conducted in north India, INDUS (INDia Ukieri 
Study) study showed rheumatic heart disease (RHD) as the most com-
mon cause of heart failure, this present study showed ischemic cardio-
myopathy to be more common than RHD.11 This finding was consistent 
with the recent study performed by Sanjay G. et al which showed that 
the most common HF etiologies in Trivandrum Heart Failure Registry to 
be ischemic heart disease (72 %) followed by dilated cardiomyopathy.12 

This finding related to etiology in this present study could be explained 
by the declining rate of RHD across the country and a significant in-
crease in the burden of ischemic heart disease in India. The length of 
hospitalization in the present study was higher than those seen in the 
ADHERE2 and OPTIMIZE-HF3 studies done in developed countries and it 
was found to be an independent indicator of poor outcome. 

It was also noted that patients who had higher levels of hsTropI 
during admission had longer stays and those who had a longer duration 
of stay also showed static or increase in the hsTropI levels during 
discharge. Hence there was a strong and significant correlation between 
hsTropI levels, duration of hospital stays, and composite outcome. This 
present study has also shown that patients who are admitted with a 
hsTropI value more than the baseline cut-off of the 99th percentile have 
a higher chance of in-hospital mortality during the index hospitaliza-
tion. Similar findings were seen in Evans et al13 and Felker et al14 studies 
where they found a significant correlation between hsTropI level and 
cardiac mortality. There was no significant difference in in-hospital 
mortality when the ischemic and non-ischemic subgroups were 
compared. 

Table 1 
Demographic, clinical, and laboratory characteristics of the study population.  

VARIABLE N (%) or MEAN ± SD 

Age (years) 60.3 ± 13.5 
Age categories 
<30 years 5 (2 %) 
30–44 years 41 (12 %) 
45–59 years 109 (31 %) 
60–74 years 134 (38 %) 
≥75 years 61 (17 %) 
Sex 
Male 194 (55.4 %) 
Female 156 (44.6 %) 
Risk Factors 
Diabetes 103 (29.4 %) 
Hypertension 182 (52.0 %) 
Dyslipidaemia 142 (40.6 %) 
Chronic kidney disease 95 (27.1 %) 
Coronary artery disease 141 (40.3 %) 
Smoking 168 (48.0 %) 
Previous Heart failure 219 (62.6 %) 
Atrial fibrillation 101 (29.1 %) 
Etiology 
PPCM 11 (3.1 %) 
CMP (systemic) 64 (18.3 %) 
CHD 22 (6.3 %) 
HCM 10 (2.9 %) 
RHD 52 (14.9 %) 
CMP (idiopathic) 35 (10.0 %) 
Ischemic 140 (40.0 %) 
Others 16 (4.6 %) 
SBP (mmHg) 113 ± 28.54 
SBP <100 176 (50.3 %) 
SBP 100-140 124 (35.4 %) 
SBP >140 50 (14.3 %) 
Serum creatinine (mg/dL) 1.42 ± 0.908 
Serum sodium (mEq/L) 139.7 ± 4.24 
Serum potassium (mEq/L) 4.31 ± 0.61 
Hemoglobin (gm/dl) 11.7 ± 2.26 
LVEF (%) 41.72 ± 12.31 
LVEF <40 198 (56.6 %) 
LVEF 40-50 72 (20.6 %) 
LVEF >50 80 (22.8 %) 
hsTropI at admission (ng/L) 59.38 ± 80.63 
hsTropI at discharge (ng/L) 40.14 ± 42.50 
Length of hospitalization (days) 7.2 ± 4.01 

Abbreviations: PPCM-Peripartum cardiomyopathy; CMP-Cardiomyopathy; 
CHD-Congenital heart disease; HCM-Hypertrophic cardiomyopathy; RHD- 
Rheumatic heart disease; SBP-Systolic blood pressure; LVEF-Left ventricular 
ejection fraction. 
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4.2. Composite outcome 

A total of 142 patients (46 %) developed composite endpoints. Car-
diovascular mortality at one-year follow-up was 19 % while rehospi-
talization for HF was 27 %. Mortality and rehospitalization rate in the 

present study is similar to other studies recently published in India but it 
seems to be higher when compared to international data probably due to 
poor compliance by the patient along with a late presentation for 
treatment.10,12 

The combined outcome was seen maximum in patients aged more 

Fig. 1. Flow chart and composite outcome of cardiac mortality and re-hospitalization.  

Fig. 2. Correlation between high sensitivity troponin I (hsTropI) values with index mortality.  
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than 60 years. This finding is attributed to a shorter life expectancy, poor 
compliance or side effects of the medications, and the presence of 
comorbidities that accelerate the progression of the disease. There was 
no significant difference in composite outcomes based on sex. Patients 
with CAD and hypertension had increased and statistically significant 
composite outcomes (p < 0.05). History of previous decompensated 
heart failure and the presence of atrial fibrillation were also very sig-
nificant in predicting the outcome with p < 0.001. ACC/AHA guidelines 
have reported the paradigm that each decompensation episode addi-
tively and negatively affects the long-term prognosis. Patients with low 
SBP, low LVEF, and longer duration of hospital stay have a higher risk of 
rehospitalization and death during follow-up. This risk is similar to what 
was seen in the large cohort OPTIMIZE-HF study by Gheorghiade et al.15 

In the subgroup of patients with HFpEF, high values of hsTropI (cut off 
>99th percentile of normal population) during admission and progres-
sive increase of same at later stages was found to be a poor predictor of 
outcome in this study. This finding of elevated troponin in HFpEF is 
suggestive of ongoing subclinical myocardial injury that may explain the 
high morbidity and mortality associated with HFpEF. Similar findings 
were seen by Watson et al in their study related to biomarker profile in 
HFpEF.16 

Many of the patients who were discharged after index hospitalization 
had elevated hsTropI levels at the time of admission above the baseline 
cut-off of the 99th percentile i.e. 233 out of 312 patients (74.6 %). On 
statistical analysis, there was no significant difference in the composite 

outcome based on this cut-off level. Also, the absolute value of hsTropI 
at the time of admission (mean 51.5 ng/L) did not show any independent 
increased risk of poor outcome. This finding of the present study seems 
to differ from the findings of Egger KM et al17 and Yan et al18 in which it 
was seen that hsTropI at the time of hospitalization was associated with 
poor clinical outcome, but there was little information on cardiac 
troponin levels measured at the time of discharge or about changes over 
time in cardiac troponin levels in above mentioned studies. High 
sensitivity troponin I levels measured at the time of discharge in this 
present study were categorized into three categories based upon the 
relative change in values as compared to admission levels (increasing 
group, static group, decreasing group). Most of the patients showing an 
increased trend in hsTropI value were found to develop composite 
endpoints in a 1-year follow-up (p < 0.001). Takashio et al are among 
the few studies in which serial changes in cardiac troponin levels using 
conventional or high-sensitivity assays during ADHF management were 
done.19 They also concluded that increased cardiac troponin level was 
associated with poor clinical outcomes, similar to the present study re-
sults. Hence increase in hsTropI levels during hospitalization was a 
significant independent risk predictor of poor outcome in patients with 
acute heart failure in terms of cardiac mortality and re-hospitalization. 

5. Limitations 

As this study was conducted in a single center, there is a possibility of 
referral bias. Additionally, there are known differences in high- 
sensitivity troponin I measurements between different vendors. There-
fore, caution should be exercised when generalizing the results of this 
study to other vendors. Despite these limitations, the study is believed to 
reflect real-world practices accurately and highlights the clinical feasi-
bility and usefulness of high-sensitivity troponin I measurement in non- 
ACS heart failure conditions. 

Table 2 
Comparison of various background clinical variables with the composite 
endpoint of cardiac mortality or rehospitalization.   

Composite 
Outcome (CV 
Death & 
Rehospitalization) 

X2 p Value 

Absent Present 

AGE (YEARS) <30 4 1 14.682 0.0054 
30–44 25 16 
45–59 61 37 
60–74 61 50 
≥75 19 38 

SEX Male 93 75 0.111 0.7393 
Female 77 67 

CAD Absent 115 72 9.220 0.0024 
Present 55 70 

DM Absent 128 99 1.210 0.2714 
Present 42 43 

HTN Absent 99 61 7.228 0.0071 
Present 71 81 

DLP Absent 110 79 2.658 0.1030 
Present 60 63 

CKD Absent 133 104 1.054 0.3046 
Present 37 38 

SMOKING Absent 98 73 1.212 0.2710 
Present 72 69 

PREVIOUS HF Absent 97 29 42.997 <0.001 
Present 73 113 

AF Absent 128 83 10.026 0.0015 
Present 42 59 

SBP CATEGORY (mmHg) <100 64 82 14.269 0.0008 
100–140 81 40 
>140 25 20 

LVEF CATEGORY (%) <40 81 89 9.888 0.0071 
40–50 37 30 
>50 52 23 

LENGTH OF 
HOSPITALIZATION 

<7 
DAYS 

102 56 13.047 0.0003 

≥7 
DAYS 

68 86 

Abbreviations: CAD-Coronary artery disease; CV-Cardiovascular, DM-Diabetes 
mellitus; HTN-Hypertension; DLP-Dyslipidaemia; CKD-Chronic kidney disease; 
AF-atrial fibrillation; SBP-Systolic blood pressure; LVEF-Left ventricular ejection 
fraction. 

Table 3 
Correlation between hsTropI values with various composite endpoint.  

hsTropI Values CV Death X2 p-Value 

No Yes 

hsTropI (Admission) ≤19 ng/L 68 11 1.522 0.2170 
>19 ng/L 186 47 

hsTropI (Discharge) ≤19 ng/L 83 10 5.377 0.021 
>19 ng/L 171 48 

Change in hsTropI value > − 10 % 130 17 10.648 0.0049 
− 10 to +10 % 42 10 
> +10 % 82 31   

HF 
Rehospitalization 

X2 p- 
Value 

No Yes 

hsTropI (Admission) ≤19 ng/L 59 20 0.139 0.709 
>19 ng/L 169 64 

hsTropI (Discharge) ≤19 ng/L 79 14 9.487 0.002 
>19 ng/L 149 70 

Change in hsTropI 
value 

> − 10 % 120 27 13.858 0.001 
− 10 to +10 
% 

39 13 

> +10 % 69 44   

Composite 
(combined) 
Outcome 

X2 p-Value 

No Yes 

hsTropI (Admission) ≤19 ng/L 48 31 1.678 0.195 
>19 ng/L 122 111 

hsTropI (Discharge) ≤19 ng/L 69 24 20.748 <0.001 
>19 ng/L 101 118 

Change in hsTropI value > − 10 % 103 44 34.251 <0.001 
− 10 to +10 % 29 23 
> +10 % 38 74  
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6. Conclusion 

The use of high-sensitivity troponin I is still mostly limited to clinical 
scenarios related to the diagnosis of suspected ACS. In this study, 
hsTropI >19 ng/L predicts in-hospital mortality, while rising hsTropI 
trend predicts follow-up outcome in acute heart failure. Therefore, it is 
suggested to measure highly sensitive troponin levels in all non-ACS 
heart failure patients at admission and discharge. Tracking changes in 
these values predicts future outcomes and guides treatment plans 
improving the quality of life as well as health economics. 

What is already known? 

➢Troponin assays have become more sensitive by more than a 
hundred times in the last decade. Troponin’s relation to heart 
failure is now well understood. Nonetheless, high-sensitivity 
troponin is still mainly used for early detection of acute coronary 
syndrome in clinical practice. 

What does this study add?  

➢ The cut-off value of hsTropI > 19ng/L independent predictor of 
mortality during index hospitalization in both the ischemic and 
nonischemic acute heart failure patients, and a rising trend of 
hsTropI values noted at the time of discharge has a strong inde-
pendent predictive value of future outcome in acute heart failure.  

➢ This study recommends measuring at least two values of high 
sensitivity troponin I levels in non-ACS heart failure patients 
including HFpEF patients. Tracking the dynamics of these values 
helps in predicting future outcomes and formulating better treat-
ment plans. 
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